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<z) m is ®i& & ^ ti u *? v z mmmm t. , & ^ t? ^^s^sg^^ -r & o x , 

(b) |&IB^l*6»S©±^rJC, ilitlMU 

(c) mm%nmmm<D±mz. ^w^m^m^h, 

(d) fyfB*^y««©it&fB* byrtmhmmf&imnm£*:rt9--yy 

U 

( e ) Iff fg ^ *E U fg« £ Iff SB D ^ y * ES&M^c h ©^BlCS^fRJg b 

(f) t&IB«^*«tJR©±^tc, i2ilIWL, ^2^«M?:M^rffi 

U 

( k ) |rffa^ffl?S'l4fB'li^g© V - ^ * K U >f J& S » 1 ^*fi 

i:^SH2^|f6^fMtS:^L, 
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(n) UE^€'J**rtffli9K^ hvAIttgffiU fro, ISfiB □ V v 9 

(o) mmt^VMt&ftaWimx hyA°Ji£l&£U 
lufS (n) ICfcV^T, tffiBSI 2 tfURM tiu W®"r<6 3^K:J:»JI»*3ti-6, ¥ 

[39*^4] ft:&^ i ~3 ©vN-manc^T, 

[0 0 0 1] 
[0 0 0 2] 

:W#§'[£¥##fB1i^g(Dt>£ocZ)#^y£ LT, ^ ^ * /HH« H 3 > h n - 
h fc©ISI0>4*- hJft*tf#IMfeS/y =r>«fcSMfeS/y 

£&y, IMBSMfcS'y H^MfCS^^h^^^StlSMONOS (Metal Oxide Nit 
ride Oxide Semiconductor) b < &SONOS (Si 1 icon Oxide Nitride Ox 
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ide Silicon) MtmZtlZ # <i Zftf2bZ> a 
[0 0 0 3] 

l^<5> (JCW\ : Y. Hayashi, et al , 2000 Symposium on VLSI Technology 
Digest of Technical Papers p. 122 — p. 123) 0 
[0 0 0 4] 

z&mmsmot^v-tji ioon ¥##ffiKi o±izmi >f- vw&m i 

mic.lt, K?#-;i/^<Z)^l =r> hn-M- b 2 o tm2ny h 

n-JWf - b 3 o t^SBttStiTv^o hn-;^- h 2 ocDjggph^ 

H2 n> ha-;vy- h 3 o co&BZ^mfomffi. l o ^cD^tctt, H2y- hlfi 

i!2 2##&U H2 3> hn-M- h 3 OOmmtV- N 1 4 £tf> 

r^tct±^js2 4 ^#^t*^= fit, mu.-a-ej^^u-fe;!/©, ^fo-f-sn:/ h 

n-;i/>f- h 2 o hn-;i/>f- h 3 o H<Dmo)¥mfoMfa l o ic&, y- 

Xli^cttFU^>Ii$:Mt^«i|il 6, 1 8 *lT^£ 0 
[0 0 0 5] 

Z(D<ko &C, O^O©*^'; 1 0 Ofcj:, >7-F^-M4©li{C2o© 
MONOSM^^U^^&^-TSo Z.tl<b<D 2 o tf) MONOSS * ^ U SS^li^fiSttC 

[0 0 0 6] 

#3838 <D g Ift ti, 2 o <D«#^«fIigc £ m -5 M0N0SM <Z>^3?fg'J£fH'iI=£tt £ 
-^fr¥#ft^»<Z)$^#&T*&oT, MONOSM©*^ U i^l/fc^tf*^ 1 ; 

, * =e u v>mmm&te z &-£t* n *; >y # ®i&m^c ^ & in-»«±ic^-r^> 

[0 0 0 7] 
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[0 0 0 8] 

(b) iisui mmm<D±^iz, f litimu 

(c) BfffBHl#MO_h^JC, ^N^AI^U 

(d) mnzt^vmmm&mmx bvsm£msmmimmm£z^ 

( e ) iff iH ^ u ^ ta sb □ v v v mmmm t <n±m izm^mmm l 

(f) mmmffimmm<D±jjiz, mzmmmitBf&L, mm2mmm^m^^. 

U 

(g) tfflB^ h^A®fcJ:t>*frfSB^l#«M^^^^«M#:©M{B!fffiT% StfSB 

(h) IfrgBn^y ^mmi^WcQS&fBx h'yAlS^Sl, 

( k ) fulfill? ftftmmmmo v - xtM* ^ « f u -f >mm ttzzmi 
mm£> mmmm^f- bmmt^ b ^ > p * * e>v - xmmtt^it b is ^ ym%t 

(i) mmm i ^mmmtmzm 2 ^mmmii&mffiiz is j kjs&^u 

( m) fffSB * * U £ tufa n ^ >y * (BffltHHtt i: (c^ 2 *fr|$/g £ L 
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[0 0 0 9] 
[0 0 10] 

-Y £^LTVn£*^U«c1 0 0 0 ;* *e U tf)Mi2HJ{&& if Sri^frn P y V 

[0 0 1 1 ] 

£-r, 0 1 £#flgL&^t>, ^^eufi^ci o o o(Di/-rr^ biz^^xwim-* 

£ 0 
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[0012] 

muctt, *=evm%li o o o(D— m-z$>2>mia>zfuv#B 1 ztuzm 

[0013] 

UlC^Dy^B 1 tm2<D7Uv V B 2 iKDmft-BMmzte, m^mm 
Jgc3 0 0#7£j&£;ftTV^ o ^^"n *y d7 B 1 , B 2 fC 23 V>Tte, X#|bJ (ff^flft 

) izmz$2>mm<Dv- km 5 0 (wd Y#r«j c^a^rRi) icKtfsanR©^ 

>yNM6 0 (BL) ^tftgtt lotlT V>£ 0 —*<DV- KM 5 0 li, X#l*JtCBB#| 
$ti^^iS[©a- K4*- h l 4 lcgSM£*iTv>£o fcf y MS6 0 it^U^M 1 6 

, 1 8 iz .fcoTflU^SflT^S. 
[0014] 

Hi *3<fct*H2 3> ha-M- h 2 0, 3 0 &i^fSitl4 0&, 
M#lJfl6, 1 8 £Stfi:e>lC7£/&£*lTV^o i-&;fc>*>, 01, H23>hn 
-M-h2 0, 3 0(1 -etl^*lY^|R»C®tJPTfey, lffiCUl, f2ny 

ic&iffi3*i"0*<5. l Ifi0i l 23«fct>*H2 ny hu-Jitf- b 2 0, 3 0 

<D{&J5 (Dffimt t^iz l -D<D&m.ny* V NgP2 0 0 ^C^M$tlTV^^ t , 

oT, #H 1 £<fctfSg2 n> bu-jv¥- b 2 0, 3 0lt ^^'J t;i/©n> b 

[0015] 

(D*=EV-t)ll 0 Ott, 1 o(Z)C- F>f- h 1 4 i:, zcoc- K^*- h 1 
4 ©iMiCTM^Jifcig i is&tfmz ny bu-;itf- b 2 o, 30t, 

©Hi ££0^2 n> hn-M- h 2 0, 3 OC^it'feot, ¥#ftS=&f*f 
tC^^3tlfc^J|i«^JS 1 6, 18£&-^fr 0 fit, ^M%JSl6, 18 14, -£ 

ti-^tiBU^^^^U-fe^/ 10 0 i:J:otM5tiS 0 

[0 0 16] 

Y#fajC;EV>lC|»»J^*H5&Jg 1 6T'feoT, /D^^B 1 KMl&Ztltt 

mmmi 6 t-fuytB 2vz&f&2nttm$BMi 6 tut. ^m^^t^nzmm 

6 ffi|E#2 0 0 3 - 3 0 3 2 7 7 6 
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<bny* ? hffi^H#»M4 o o ^M^«i6fcMb, n>hn-^-h© 

[0 0 17] 

hm^fM®)M4 0 0_hlCte, b 3 5 0#7£j&£;ftTV^ 

o ^M#fJf 1 6 iZ £^Xffi&2tlfe¥y bB6 0 i£, ^CD3>^ ^ h 3 5 0 iZ J: 

[0018] 

HfflHc, y # rei ici^ciu & o 2 o©^^» i 8 ^ii=i>^ ^ hSi$2 

0 0#SBfi£;ftTVx&^#JlC£V^, ny $ V b H^M^HM 4 0 0 [CfcoTS^ 

tC * Ift $c £ *i T V x £ 0 

[0019] 

H'l J^&frj^-S J: O IZ, 1 o©^n y ^IC£^T, ^i$C<Z)^iin > # ? h$5 2 

0 0(DfIl/^r^ Mi> ^M%JS l 6 £;RS&#fjI l 8 £ XtcKizmte&Wlzm 

[0 0 2 0] 

iz-D^^rMm-t^o *=evmmi o o o tmv&^&mz. amm 
otuvv? mmtrn 2oootd m^mmm 300 iz& o xm%(mz$-m. 

£*iTv^ 0 ;* ^ U fNtt 1 0 0 0 ic «u 4>&< £*,*^<j-fe;t/i o o#^j&$*i 

T^S, n^>y^ni8&fi|2 0 0 0 &c&, 4>&< 2» ?m$&ikM&-tz>m 
Btf- hn^-JftMb^yi/x* (J^T> r MO s b^yV7,*\ £^e>) 500 

[0 0 2 1 ] 

£-r, ^=eu w 1 0 0 oiz-D^^xmm-t z> a 

[0 0 2 2] 

^=E'j 1 0 0 1 o©_h^{cn 1 >f~- bmmm 1 2 &/tlt 
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2#0f££*lTV^ o 
[0 0 2 3] 

Nn-^y- h 2 0 (i, 0CD±#fCfg2>^- ( 

.A 

hSOli, ¥^fls»^l 0CD_h^{CH2^- h^Jf '2 2 £tf-LT7£j?££*U fr 

t7- v i 4(7)fte^(Z){a!iffiicMbT+f--r 4 %im,xmmzti 

[0 0 2 4] 

mzf- hmmmz z vmnmz a -KhAtfti/yn^i ( 

H l mit yvnyjg) > ^-fb V V n >JS> h y :/®Mfc S/ U n y M (H 2 ^<fb U 

[0 0 2 5] 

#24*- vmmmz z <Di& mitts vnym\z, ^ * jimm nm^mmmm 

£. <D!BHZ%fSLWM (potential barrier) % 2 ff - V t®MM 2 2 (D 

xmn-tZo mzf- vmmmz zomzmtyv nym n^hn-;^- 

[0 0 2 6] 

Ktt!JM2 4 tt, Cj-^-jxut, Hi fc<fctfH2 ny hD-;!/^- 
h2 0, 3 0 i:&-t*i-?*i«&ftJC#H2-itS. *>f K«S»M 2 4 <Z)±3g 

w\ K-y- h i 4 til &&-&mz ny hn-M- h 2 o, 30^0^3 
-V*m<tz.tb\z, Hi «fctf£l2 n> hn-;vy- h 2 0, 3 0©±3Sici:b^ 

, 1 0 izft ITl^Cfif bt^5. 

[0 0 2 7] 
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[0 0 2 8] 

h 2 o i:H2 n> hn-M- h 3 o t.(Dmicit, mito&frmMMi otfmi&Z 



7 0il 'Pte< £&mi £J:t>*lg2 ay N p-;i//f- 



h 2 0, 3 0^®mb&V^e>(C^;nib£:SoTV^ 0 ^flc^Cl*, 

7 0coi:®te, if>T K«fiiI 2 4 co±^J; 1 0 izM IT Ji^icfe 



7 0 £^<Z)J:e>{C7£f£-r£r ill?, Ifll £ <fc l>*|g 2 =! 



[0 0 2 9] 

jfcl ££#112 ny hn-M- h 2 Ofcitf 3 0 tf>±g|5£^e> J: o IZ 
, ^ 1 i^-r K^^--;i/^JS4 4 ^^$tiTVN^> 0 ££&c, JUl+M F^tf- 
^ii^ 4 mi &&Z$m2^y h U-)b>f~ h 2 0 £<fct>*3 0 &Me> J: e> 
{Cm2if-Y K^^-;V^jf 1 5 2 a#^£*lT^£ 0 3!2-y--r K^tf-;^ 

15 2 — <D 



1 5 2 a li, UVvVW&2 0 0 0 (W-f K^^-;i/Jffii 
[0 0 3 0] 

? hBt$ 2 o o izit, m l £J:tf3ll2 ny h n-;i/>f- h 2 0, 3 0 

Olt. 0 2{C^'tJ:e)(C > Sl3>*^h#«l214, ^in>^^h? 

2 14 (DTjjlZ&m-tZf&l ay$t? hmi 



2 10. H2 ^ M 



(H^ifT) , 3g 2 3 > # ^ hijife 



2 3 2. H3n>^^Mfiil2 5 2fiJ;t; 



3 =r># ^ f> 



[0 0 3 1 ] 



2 6 0 2>M3#J&3*lTV^ 



23>^ bS&igUS 2 10it Hi Bfrffc*/ U n> 



2 14 



tt, 12 =r>#* h^»2 1 0<Z)^#ffC^£*iT^3 
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^ htil2 3 2tt, m 1 £J:tF!!2 3> h U-Jltf- h 2 0, 3 0 

3 2<Z>f*f{ffiHC^f££;ftTV\£ 0 ^33>^^h#tl2 6 0H H 1 H > # ? h 
2 14 ilf 2 =2>* ? hiif2 3 2 inzmwiz tlX ^ Z> 0 

[0 0 3 2] 

ov^\ as» ?EIi&M^2 0 0 0 (COV^TPIfS. 
[0 0 3 3] 

n s» ^tas^tl^c2 0 0 0 lCfcV>T&, MO S 5 0 0 A^^^tl 

Jf 1 2 2 fc^LTT^^ftfc^- 42il, 1 0 f*J{C^£ *l 

feV-^f»^^(iKl/-r>M^c$:^1"-2>^M%JSl 6 2, 1 8 2 £. >f-Y 

mmi 4 2 ©MffluBtc^oT^ti^ti^^tife-^-f w*-)immMi 52^ 

£-^&o $ <Mc, ^n%nM 1 6 2, 1 8 2 <Z)_h®{cteS/ U-9->f Ff 192 ifim&t 
£*i> h*fBl 4 2(D_h®lctti/Uif-f KJS l 9 4 *«^j*3tiTV>s. 

[0 0 3 4] 

MOS 5 0 0 (Mil 2 7 0 K J: o TgfrtlT Z.(DmWM 

2 7 (Hi, &&«ij|ifiJM 7 0 ilPS— ©ZDS £*l So 
[0 0 3 5] 

**eyiWSi o o 0i:nj?yf 0»1fi«2 o o o £tf>3i#«cJC}i, H2SJ; 
t>*Ef3{c^-r<te){c, K^*— hi 4 JSiitK^- Mil 4 2 

&*S*IStapi 4 0 c*«^S*l*. I»*#»14 0cli, r7-F^f-hl4 
feAtf^- 4 2 ©^JRXgTfJ^fifcSn*. «#f 14 0c 

[0 0 3 6 ] 

^MSl 4 0 c©-^©OT (^=E'JII{1 oooi) tcte, Hi Si^f 2 
n> hn-;b^- h 2 o, 3 0 tm—nttMW^ F7*-;i/t#tl2 0 a# 

hg|5 2 0 0 5:^bti^^23> hn-;b^f - h 3 0 
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, *>f K^*-;i^#«JS2 o a & 2 ny bu-frtf- b 3 ckdMH 

[0 0 3 7] 

^#^S1 4 0 c <Z>ffi<Z>OT ( n 2? * * BMMH# 2 0 0 Offiff) MO 
S b^yPX* 5 0 OCDIM Kf 1 5 2a>7gJ&£|^— ©XglCJio 

[0 0 3 8] 

^'E'JtM 0 0£J:t>*MOS h^>^X# 5 0 0 & £#JgJ* S ft 
[0 0 3 9] 

(¥*tt£ficz>SI&:&&) 

[0 0 4 0] 

(i) 04 \zm-t&o\z, tt, miSiocsic, hu>f/^yi/ 

[0 0 4 1 ] 

?£^T% ¥mft&tiL i o <Z)^®tc, hiittftjf £&£*6&jff l 2 o 

<s>o #cv^, K>f- hi 4 htii 4 2^{c^-g>^-- bm (Hit 

Jf) 1 4 0 1 2 0_tlc iiS^S. 4*- hJS 1 4 0 li F-zf h jKU J/ U n 

>3^e>«sSo r^v\x% t©cMPiSicfew§7, hv^i s i o o &>f- bm i 

4 o±ic^^t-§ 0 ^h^/tis i ooit SMtS/U n^M^^J&s. 

[0 0 4 2 ] 
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Tftt, V- bMl 4 0;flW*--r.># , S4v>f- Ml 4 0 a 3© 
XgTfW:, n >y * m&M*& 2 0 0 0 hit 1 4 0 &/\°#-->^;*;n& 

v> os;y^ia»ffi«rt©^- hMl 4 0 Srfi^Wfci 4 0 b fcPf^) . 

[0 0 4 3] 

<fcoT, ^^EUlI^cl 0 0 Ofttf)^- hjf 1 4 0 a&J:t>*X hy/^IS 1 0 0 (D 

mmmzit. mnmieo, 1 8 ot>mn^n^ a i»nasi6o, isoit gg 

. fit, ^cdx^t?, Hj!n3pi6 0, i 8 0(D#IM{cmoTi^-r Kiffiiltn 

[0 0 4 4] 

(3) 0 7(C^f <fc5lC, ¥##S«10±JC, «^flfJ^-Z?feSONOM2 

2 o *.±mmzT&m-t & a 0N01220H $im^'J3>e gft^un 

nyMlt. CVD& JlttfttciiftaBftftSs (HTO) S:Mv^TMt5 3i:^ 

[0 0 4 5 ] 

ONOH2 2 0H ^©A°^-~>^lC j;ot, H2>f- h^JS2 2 fcitf 
-*>f Kiil 2 4 (0 3« „ 

[0 0 4 6] 

(4) mSK^-r^oK, F-^htfU 2/U nyM 2iil) 2 3 0 $:, 

ONOl2 2 0±}CMWi:Mt5 o K-^N^U S/U 3>jf2 3 0 ^fC 
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Xy^>y3*lT, f 1 fej:^2 =2> bU-)ltf- h 2 0, 3 0IWS# 
114 0 (0 1 

[0 0 4 7] 

(5) 0 9 {C^-TJ:e>JC, R-^htfU S/U 3>12 3 0 (S8« £r£® 

W^M^ttx^^^^-r^^^fcj; y, mi fc±t>*H2 n> h h 2 o 

, 3 0 £7£j£1-£ 0 
[0 0 4 8] 

>yiilCj:oT, ^UlEJBc 1 0 0 OCDffinasi 6 0 
,180 (0 6#j8O ©flflSiCi&oT, ^>r K«)*-^0$1 feJ:tf|g2 n> 

hn-^y-N2o, so^fiitati*. — os?v ?m&M®2 o o oftic 

JC^Ttt, ^f- hjgl 4 0 b©-^(Z)^g|S U ^ >J M^Dc 1 OOOffi) ©fflffilC 

, K-^haKU S/U 3>M 2 3 0#-*>f Ktf U t>f 

^#«JS2 0 a^fiJtStl*. 
[0 0 4 9] 

(6) 01 otc^-fJ:e>fc, Wtiti/V n > * liS-ffc */ y n 4 

2 Sr^SWtc^^fS. oVN"e, 0 1 1 fC^-TJ: -2i{C, ^iSUS 4 2 ££®#jlcM 
JttlyfV^StSItlC J: y, hJSl 4 0 a h yrCJgS 100a^ 

£&&aJS#<z><R!rafc, ^l &&Zfim2 ny hn-M- h 2 o, 30©^< 

mi-y-j K^*-;i/iii4 4 ii, hjf i 4 o a h*;;tis i o oa*e> 

[0 0 5 0] 

(7) 0 1 2 fC*tt-<fc C>IC, **ey«« 1 0 0 OCD^X^m^K S&COSJy 

V* hJfR2 0 0 5:7^^ UlrXUVv Vm%£tffl$, 2 0 0 0 iCfcttS O N OJR 2 
2 0i:xh>yAMS100t$:^t5 o ;©x>yf> ^XSJC <fc ot, 
i§5c£l&< □ ^ y * taS&M^c 2 0 0 Of*l©X b^AjfS 1 0 0 &:£T|&££ ft£ 0 
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[0 0 5 1] 

z <d t * *e y fH^Sc loootai/^y^ taj^fl^c 2 o o o £ <z>3SIMK«icffi 

tt5^-h»14 0bt&oT, _t8E (2) ©X^^^yx^T'^^tlS 1/ 

^Mi:, rco (7) ©xy^>^xST*^MStiS l/2>*;* MR 2 0 0 mz 

mzmtinx^feMmi*. ^turnxm^m 1 4 0 c (®3#m) 

. r©/1^-n>y}c«J;^T^^$4xfeX h^vAJSS 1 0 0 a ^^E'Jlil 
0 0 0 f*ftf)tffi(D* h y/\°JfS 1 0 0 J: UiPI#;*:£V^ l/2?*hJfR2 0 

0 {i[^*34x-5o 

[0 0 5 2] 

(8) mi 3 {cjrct-j:e>{c, hmmi 4 2 Mtsfej?)©^^ hjir 

3 0 0 tfW-f&ZtlZo Z\<D 1/2?* VM R 3 0 0 Ji, ^^'JlilOOOO^Tt 

, n v v v mmmw 2 0 0 o^^m^m^-t^mo &o\zA*--y>?ztiT 

V^„ ?£V\-e, U^hfR3 0 0&7X^i:lty-Ml4 0b (01 2# 
fig) £xy^>^£ - tC J: *J, D 2>> * tSii&M^ 2 0 0 Op^ItC 4*- htll 

4 2 #JgJ5* 3 *l S „ 3<Z)X-/^->^C iot, ES#M«iC 1/ 2>*X h M R 
3 0 0 i:^h vrtMS lOOat £ It g &m&MKmR3 1 4 0 c# 
/\° 3 *i £ „ 

[0 0 5 3] 

^©^> 1/27* MR3 0 Oli|^5SStl<2>o NS^Mt^K-^f§ 
r^T% D y * 0IMK« 2 0 0 0 tC J3 V-*««;i3 J: tfKU>f 
^^r>^3>Il 6 1, 1 8 1 ^T^StlS, oV^, ^^MR3 0 0 5: 

[0 0 5 4] 

( 9 ) eg i 4 (c^-r £ e> &c, * ^ y i o o o & £ # n v v v m&w& 2 0 

0 0 {CfcVNT, WM£*/V nyi£tc.\tmikWLik*/V^yt£Z<Dmnm2. 5 O 
tolCJgJ*-**. ovn!:\ ® 1 5 iC^i" J; o IC, i!ffe]^Jt2 5 0 (H 1 4 $1) 

ffiWtcM^rttxy^-^^-rs ~ mzz y, n 2>> ? ®j&«e 2 000 jc^t, 

y- hSJSl 4 2<DM{R!lffiJCi^>f Ktf*-/l/flfc»tf 1 5 2jW/&3*i5 0 rtii: 
J*|M»1 4 0 c tf> n 2? y * m%ttW& 2 0 0 0{||©{|IB{cm2-9--r K#*- 



1 4 
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3 0£J:t>lgl1f-f K^*-;vi6iS4 4 £ ^ e> £ O IC H 2 -tf- -f K^*-;i4fe3i 

o 

[0 0 5 5] 

(10) &v^\ NM^2«£-f ^gA-re^lc J: y, ^iftit l 0 ft 

tc, * ^ y flM 1 o o o(Dy-xm®£t~iz Ku-r >ilt&Wt§^«il i 
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